The guess that diet might exert an important influence on susceptibility to infection was well worth making. Reviews of the literature (
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'949 of vitamins A and D might reduce the incidence of puerperal infection, a much graver problem in 193 I than to-day, these workers made a direct experiment in the following way. They administered a suitable vitamin concentrate during the 4 weeks before labour to 275 women attending the antenatal clinics of the Jessop and Xether Edge Hospitals, Sheffield, and observed as controls an equal number of alternate women attending the same clinics who did not receive the vitamin supplement. All the women in the experiment were delivered in hospital. In the group given the vitamin supplement the incidence of puerperal pyrexia was 1920/6 and of severe sepsis 1.5 yo, whereas in the untreated groups the figures were 30.9 and 3'6%. Even if we do not now believe that vitamin A has specific anti-infective properties this evidence is worth notice, and the method is one that should be applied to other groups of people, other variations of diet, and other risks of infection. Evidence collected by this kind of experiment is the proper climax to reasoning based on careful study and analysis of natural events. In the human field such experiments present real but not insuperable difficulties, and we need more of them. Even if the results are negative, as in the trial of a multiple vitamin supplement given to children by Bransby, Burn, Magee & MacKecknie (1946), they are of great value. Unsupported by such crucial experiments even the closest and most skilful analysis of suggestive associations between diet and infection in the community or herd can only help to define the problems most suitable for attack; it cannot tell us if our beliefs are right or wrong.
Animal experiments
Unhappily, when we turn to the animal experiments that have been done to test the effect of diet on infection we are confronted with so many inadequate experiments and so many apparent contradictions that the weight and force of bad evidence may drive out the good. The most useful thing I can do at this stage is to connect the results of selected experiments which are consistent with one another and furnish coherent evidence of the relation between diet and infection and a starting-point for new work.
Webster & Pritchett (1924) at the Rockefeller Institute showed that mice born and reared on one of two different diets had a marked difference in susceptibility to experimental stomach-tube infection with one of the mouse-typhoid organisms, Salmonella typhi-murium ('Bacillus pestis caviae'). The differences were substantial and consistent in three separate experiments. On the diet more favourable to resistance eleven of sixty-nine mice died (I 5-9 7") against fifty-six of seventy-two (77.8 Yo) on the diet less favourable. The diet more favourable to resistance was a modified McCollum diet consisting of whole wheat 67.5, casein 15, milk powder 10, sodium chloride I, calcium carbonate 1.5 and butterfat 5 yo; the less favourable, the stock mouse-diet of the Rockefeller Institute at that time, consisted of a daily ration of baker's bread soaked in fresh pasteurized milk supplemented by two feedings a week of an oatmeal and buckwheat mixture and one feeding a week of dog biscuit. Webster & Pritchett (1924) did not give actual figures for breeding performance and growth, but stated that on both diets the mice grew and bred well and presented all the appearances of good health.
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The relation of diet to disease 333 infection?' Some of the doubts may arise from a study of Pritchett's later unhappy attempts to establish vitamin A as the constituent of the McCollum diet responsible for the superior resistance (Pritchett, 1927) . These were criticized in detail by Watson (19376, p. 422) Doubt about the interpretation of these important experiments was deepened by work carried out at the London School of Hygiene, in which Topley, Greenwood & Wilson (193 I ) demonstrated that the addition of various foods containing vitamin A to the diet of their mice not only failed to decrease susceptibility to Sulm. typhi-murium infection in experimental epidemics but actually increased it in some of the experiments. Rational judgement should have concluded only that vitamin A was not established as a specific anti-infective vitamin; but in this country at least many bacteriologists seemed to go a stage beyond the evidence and came to feel that the whole idea of a correlation between diet and infection had been disproved by the careful experiments of a group of workers of great authority.
That this was not the conclusion of the workers themselves was shown by later experiments at the London School of Hygiene by Watson (1937a, b) and Watson et al. (1938) . From these experiments it emerged once again that diet could exert a decisive influence on the outcome of experimental salmonella infection in mice. The salient fact was that in repeated trials mice on a poor diet (N2) with coarse oatmeal as its principal constituent (9244 of the diet) were significantly and consistently more susceptible to experimental salmonella infection than mice on an improved modification of the diet (N5) which contained dried skim milk 25, dextrin 23, and coconut oil 4% in place of an equivalent amount of coarse oatmeal, which was thus reduced from 92 to 40 in the improved diet. As Watson (1937~2, b) observed, and her protocols clearly confirm, the differences in susceptibility to infection were not the only evidence that the two diets were of different biological value. I n particular, the breeding performance of the mice was much superior on the improved diet. For example, the averages of seven tests (Watson, 1937a, p. 402) whole milk 33, sodium chloride I %, and our findings confirm their conclusion that the diet was a poor one for breeding mice as judged by the number of survivors to maturity, the growth rate, and the resistance to salmonella infection of the young mice. This is true, it should be noted, although the diet contains 33 of dried whole milk. Watson's (19373) conclusion about the importance of the milk might therefore be re-stated in more general terms by saying that improved resistance to infection was brought about by adjusting a manifest imbalance-too high a proportion of oatmeal-in a poor diet.
Recent experiments
Schneider & Webster's (1945) important contribution to problems of diet and infection introduced whole wheat as a foodstuff which must now be considered as possibly having anti-infective properties, at least for mice exposed to salmonella infection. Slightly modifying the formula for diet B of Sherman (Sherman & Campbell, 1924), Schneider & Webster (1945) compared the Rockefeller Institute diet 100 (whole wheat 66, dried whole milk 33, sodium chloride I %) with other similar diets in which the whole wheat was replaced by an equal proportion of one or other of the following: dried cooked potato meal, whole corn (maize), whole rye, whole oats, whole rice. Mice bred and reared on the diets with wheat, maize, rye, and rice had approximately equal susceptibility to salmonella infection ; the undersized mice reared on oats and on potato were extremely susceptible to the infection. Although the maize, rice, and rye diets were inferior to the wheat diet for the reproduction, growth, and survival of the Vol. The relation of diet to disease 335 mice to the age of j weeks, those that survived had almost the same resistance to the infection as the more numerous survivors on the wheat diet.
As a result of these trials Schneider & Webster (1945) chose the wheat diet (diet 100) as a standard for comparison with a 'synthetic' diet (diet 191). At weaning (3 weeks of age) the mice, bred and suckled by mothers on a modified Steenbock stock diet, were transferred to wheat diet or synthetic diet. Male mice grew only a little better on the wheat diet than on the synthetic diet, but female mice on the wheat diet showed an advantage over females on the synthetic diet of about 1.6 g. at 8 weeks old, 3.0 g. at 12 weeks, 4.0 g. at 16 weeks, and 6.0 g. at 20 weeks. The performance on the synthetic diet could not be styled failure of growth, for on it females averaged 204 g. at 8 weeks and 24.8 g. at 20 weeks-quite good weights for mice-and all the animals remained in good health. After being fed for 3 weeks on either the wheat diet or the synthetic diet the mice were infected with salmonella organisms by mouth. Mice maintained on the wheat diet showed striking and consistent superiority in resistance to experimental salmonella infection over those on the synthetic diet. If 66 of the 72'5 g. of glucose in IOO g. of synthetic diet. were replaced by whale wheat, the resistance of the mice was increased, but not if the substitute was whole dried milk. With this as his starting-point Schneider (1946b, 1948) has begun an attempt to identify a resistance-enhancing agent in whole wheat, an effort in which it is a pleasure to wish him success. Whether or not he succeeds in this objective, students of diet and infection are much in his debt for his stimulating review (Schneider, 1946~) of the subject. This, together with his new technical and intellectual approaches, has greatly freshened the atmosphere surrounding the subject of our discussion.
It seems necessary to note, however, that great difficulties attend the breeding and rearing of mice on synthetic diets (Rogers, skim milk powder, and a supplement of 5 ml. of fresh whole milk daily to the pregnant and nursing does (Sengupta & Howie, 19483) . In our paper we have indicated some of the differences between the two diets: compared with the Rowett .Institute cubed diet, the modified diet B of Sherman has a low calcium content, an unfavourable calcium: phosphorus ratio, alittleless protein, more fat, and a number of other differences which we did not measure. In conjunction with Dr J. M. Naftalin we are now trying to discover which of the differences are important and how they operate.
It is of interest that experimental salmonella infection by mouth fails to reveal any difference in susceptibility between mice bred, reared, and infected on the two diets
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used for the tuberculosis experiment. This is worth mentioning to emphasize that 'infection' is not a homogeneous entity. There is a wide array of infecting agents and we are only now beginning to learn about their different nutritional needs. We shall use salmonella organisms and tubercle bacilli as our test infections, and we should like to add a virus when our experimental arrangements are complete. As an infection on which to test the effect of diet, tuberculosis is indicated by many suggestive correlations, well summarized by Leitch (1945). That an abrupt change to a very poor diet at the time of inoculation increased the susceptibility of mice to experimental tuberculosis was recently noted by Dubos & Pierce (1948), although they emphasize that theirs was a study of diagnostic technique and not of the part pla'yed by nutrition. In view of the abruptness of the change to the poor diet and the nature of the diet the animals probably ate very little food for some days after infection.
Perhaps I ought to make it plain that the mouse is the central figure of our discussion and of our work in the immediate future, because an experimental study of diet and infection demands in its first stages-and we should be clear that we are in our first stages-an animal which breeds rapidly, needs little space, tolerates important changes in its diet without becoming moribund, and responds to a great variety of infecting agents in a fairly regular and predictable fashion. With an adequate community of mice under controlled conditions of breeding and housing it is possible to examine two test populations whose only important difference from each other is their diet, and it is easy to arrange numbers so that our measurement of susceptibility to a test infection is made by counting the dead and the living, as well as by any other measurements that may suit the particular infection under study. Survival rate is the only measurement that is an unequivocal criterion of resistance or susceptibility to infection, a point much overlooked in some of the plausible discussions of experimental results. Later, if mouse experiments clarify our understanding of diet and infection, I shall wish to test our findings on animals of economic importance and I may then have to pay more VOl. 2 The relation of diet to disease 337 attention to indirect measurements of susceptibility. But until these have been correlated with death or survival they must not be made to bear too heavy an argument. Belief in the relationship between diet and infection will grow only if we can point to an increasing number of precisely defined relationships between particular diets and specific infections and offer some attempt at explaining the mechanism. Experiments on mice have given the relationship of diet and infection a place in science, and further experiments on the same animal offer the best hope of giving shape to the present vague mass of information. Conclusions I . The relation between diet and susceptibility to infection is not widely accepted among bacteriologists, but this review surveys a selected sample of the experimental evidence to establish that the relationship is real and well worth defining in terms of greater precision than can yet be used.
2. The results of some important experiments by different workers, if closely analysed, are seen to be consistent with one another, a i d not contradictory, as insufficient study might suggest.
3.
Future work on diet and infection at the Rowett Institute will measure the suitability of the test diets for growth and reproduction of mice under the stress of continuous mating and rearing as well as the influence of the diets on susceptibility to infection.
